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Abstract. The function of the shoulder region and cervicahspare regulated by the motor
control of the scapula. It is important to seleety activate weak muscles and minimally
involve tense muscles to improve scapular mototrobnThe objective of this study was to
compare the activity of scapular muscles and themuscular balance during various open
and closed kinetic chain exercisédethods: This study included 20 female sedentdigeof
workers. A surface electromyography was used tdyaaahe activity of the scapular muscle
in the correct exercise starting position and dgri different exercises. Additionally, the
optimal intramuscular balance was examined. Resauid conclusions: Open kinetic chain
exercises is more suitable than closed kinetic rcheadercises for training scapular active
stability. Horizontal shoulder abduction with extat rotation (scapula retraction and
internal rotation) while in the prone position wagtimal and could be recommended (as well
as its modifications with a resistance band) faining programs to improve scapula active
stability.
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Introduction

Proper motor control of the scapula is essentiath® function of the
shoulder region and the cervical spine. The funstiof the scapular muscles
and their disorders are frequently studied, andethg evidence that altered
kinematics of shoulder blades are observed in iddals with subacromial
impingement syndrome (Timmons et al., 2012).

Scapular motor control is related to the cervigahs, which can be found
in the study byGaffney et al. (2014)who evaluated the relationship between the
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activation of the trapezius muscle and both thedea and cervical posture.
Taking into account the wide-spread neck pain founaffice workers, the
research oPark & Yoo (2013)dentified alterations of the scapula positioreaft
continuous work with the computer keyboard.

It is important to selectively activate weak muscind their parts with
minimal participation of tense muscles to improgepilar motor control during
exercises. In the open kinematic chain, it is easieactivate a certain muscle
separately, which is impossible in the closed kiagenchain. The purpose of
the closed kinematic chain is to improve stabilKysner & Colby, 2007).

Previous studies examining the functions of scapuoiascles analyzed
athletes with musculoskeletal disorders of the kKleuregion (Ratcliffe et al.,
2014; Timmons et al., 2012; Cools et al., 2007;ND&y et al., 2009a, 2013b,
2014c). There is a relationship between the motmtrol of the scapula, the
function of cervical spine, and pain in the necll apper back. Thus, it is useful
to determine the most optimal exercises to impreg@ula motor control in
clinical practice and health promotion programstérget groups such as office
workers.

The objective of this study was to compare thevagtof scapular muscles
and the intramuscular balance during various opmh @osed kinetic chain
exercises (OKCE, CKCE).

Methods

This study examined 20 female sedentary office exwkfrom one
establishment who were not involved in sports &y on a daily basis. The
mean participant age was 42.3 + 9.9 years. Theusiorl criteria included the
following: actual pain in the cervical spine andtbe shoulder region, injury
and/or surgery of the cervical spine or the shauldgion, arthrosis of the
shoulder joint, congenital pathology of the spires] flag signs of the cervical
spine, and malignancies.

The study was performed as a cross-sectional asalgach participant
was measured on Monday morning (after two restiagsdbefore work). The
approval for this study was obtained from the Et@ommittee of Riga Stradins
University, and each subject was required to sigoressent form prior to study
participation.

Surface electromyography (sEMG) was used to registe activity of
muscles during the analyzed exercises. SEMG reaveds performed with ME
6000 biomonitor (Mega electronics Ltd, Finland) amélysed by the MegaWin
3.0 Software (Mega electronics Ltd, Finland). NamaxDual electrodes
(Naroxon U.S.A. Inc., Scottsdale, Arizona, USA) wersed. The location of
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electrodes to each muscle was based on the clisigdéllG protocols by Sella
(2000).

The sEMG was recorded during each exercise by ubmdime intervals
for correct starting position (muscle pre-activajioand during exercise
performance. The mean electromyographic activity) (was normalized by the
maximal voluntary isometric contraction (% of MV@hd was analyzed across
3 OKCE and 3 CKCE. The MVC was obtained during istria strength testing
of each muscle (Kendall et al, 1993). Two main logtability muscles (the
serratus anterior (SA) and the lower trapezius )laRd global mobility muscles
(the levator scapulae (LS) and the pectoralis m{d)) were chosen for the
analysis. The intramuscular balance is reached wthenactivity of local
stability muscles is higher than the activity oblghl mobility muscles. All
analyzed exercises were performed in low positargwith low intensity.

Each participant had to perform six therapeuticreges. The closed
kinematic chain included the following exerciseansfer of weight in forearm
support (No. 1), transfer of weight on all fourso(\2), and transfer of weight
with arm support against a wall (90 degrees flexroshoulders) (No. 3). The
open kinematic chain included the following exegsis reaching upwards
(scapula protraction and external rotation) whileéhe supine position with 90
degrees flexion in shoulders (No. 4), horizontallidtler abduction with external
rotation (scapula retraction and internal rotatiovi)ile prone (No. 5), and
reaching forward (scapula protraction and exterottion) in a sitting position
with 90 degrees flexion in shoulders (No. 6).

Each exercise was performed twice. The first egereias a trial used for
correction (explanation and demonstration was pewd before). The second
repetition was used to collect measurements. TreetOKCE (sitting, supine,
prone lying) were performed first (with 10 minutest between each exercise).
The participants then had 30 minutes rest befoeetlinee CKCE (standing,
forearm, all fours) exercises were performed (Widhminutes rest between each
exercise).

The results were analyzed using SPSS.V20 softwalee.used the mean
and standard deviation to describe the result®éoh muscle and exercise. A
paired t-test was used to calculate the differdoetereen mean values of local
stability muscles (SA, LT) for EMG activity. Theasistically significant level
was p< 0.05.

Results

The highest pre-activity SA occurred for OKCE No(p40.001). The SA
pre-activity in all OKCE were higher (p<0.05) thath CKCE. The highest LT
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pre-activity was found for OKCE No. 5 (p<0.05). Thher two OKCE
demonstrated higher LT pre-activity than CKCE Nantl No. 2 (p<0.05).

The highest SA and LT activity occurred during ex® OKCE No. 5
(p<0.05). In the other OKCE (No. 4 and 6), the S#vity was higher than in
the two CKCE (No. 1 and 2) and was equal in CKCE BIdp<0.05). The
second highest LT activity was observed during CK& 3 (p<0.05). The
other CKCE (No. 1 and 2) had less LT activity tlihe two OKCE (No. 5 and
6). However, the LT activity was equal to OKCE Mo(p<0.05) (“Fig. 1" and
“Fig. 27).
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Intramuscular balance: The activity of both anatiylscal stability muscles
was higher than the activity of both analyzed mtprhuscles in OKCE No. 5.

The SA/LS balance was optimal in all the OKCE dmeltivo CKCE (No. 1
and 3). The SA/PM balance was optimal in the twoGBK(No. 4 and 5) (in
OKCE No. 6, SA and PM activity was equal) and ia tine CKCE (No. 1) (in
CKCE No. 2 and 3, PM activity was greater than S#vdy). The LT/LS
balance was optimal in the two OKCE (No. 5 andr@) e CKCE No. 3 (in the
remaining exercises, LS activity was greater thdin The LT/PM relationship
was optimal in OKCE No. 5.

Discussion

The main findings of our study were the followir(@) all three analyzed
OKCE demonstrated higher SA activity during corretart position than
CKCE, and the LT was more pronounced in the stasitipn of OKCE than
CKCE, with the exception of one CKCE (No. 3); (Bethighest SA and LT
activity was demonstrated during performance of @KEo. 5, which is the
horizontal shoulder abduction with external rotati(scapula retraction and
internal rotation) while prone; (3) the SA and Ldtiaity during exercises does
not suggest the superiority of analyzed OKCE or EK(}) analyzed OKCE
demonstrated more optimal intramuscular balancd wigher SA and LT
activity and less LS and PM activity.

The results of our research indicate that the wemolent of SA in the start
position was sufficient (i.e., at least 20 % MVQ) all analyzed exercises.
However, the LT did not reach 20 % of MVC in anytbé exercises. Thus, it
can be assumed that there was insufficient cordfothe scapula during
elevation (taking into account that simultaneolepstar kinematic analysis was
not performed, and it cannot be either confirmedeamied). The data suggest it
IS necessary to reinforce the involvement of theatthe start position of these
exercises.

There was more involvement of stability musclestfer analyzed OKCE
in correct exercise start positions than CKCE. €fme, training with the
correct start position for the analyzed OKCE isagtion for scapula motor
control improvement.

The SA and LT activity during exercise did not shtdve superiority of
analyzed OKCE or CKCE despite evidence (p<0,09)ttlmhighest SA and LT
activity was demonstrated during OKCE No. 5, whilhe horizontal shoulder
abduction with external rotation (scapula retractamd internal rotation) while
prone. This was the only exercise that showed @btimtramuscular balance for
all analyzed muscles. The study Gbols et al.,, (2007)demonstrated the
relationship is optimal between the upper trapeans LT for this exercise (as
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well as the relationship between the upper andriuglle trapezius). However,
the relationship is not optimal for the upper tAps and SA.

The results of our research suggest that improtnagctive stability of the
scapula is best achieved using OKCE No. 5. Howedferstart position of this
exercise requires additional attention regarding . Clinical practice and
health promotion programs use resistance band isgerto produce the same
shoulder movements (horizontal abduction from 9@rees flexion with
external rotation) and scapula movement (retractioth internal rotation). The
major difference is that the starting position t&nlying on the back, sitting or
standing. These exercises could be used to impiteemotor control of the
scapula in case a prone position is contraindicateil the power of involved
muscles is insufficient to overcome gravity or twedsify the program of
exercises. By considering the cervical spine pmsitn exercises while prone
(which are less analyzed in research literature) vahile lying on the back or
sitting/standing, it is possible that the activatfythe upper trapezius will change
and could form an optimal relationship with SA. Hawer, this possibility
requires additional investigation and was not thieative of this research.

The results show that the transfer of weight usomgarm support used the
least mobility muscles and was equal to the agtigit both stability muscles
(also relatively low). However, using facilitationethods for stability muscles
(especially LT) will allow this exercise to be effevely integrated into an
exercise program.

There was excessive activity of mobility musclesd arlatively low
activity of stability muscles observed in the tf@nsf weight on all fours and
while reaching upwards (scapula protraction anérex rotation) while supine
with 90 degree shoulder flexion. The position dnf@lirs is frequently used in
practice to improve active stability of the scapul&e results of our research
show that despite high SA activity, the LT is noffieiently involved and the
activity of mobility muscles is excessively in thposition. Therefore, this
posture and more complicated variations of thistypes (unstable support
surface that can reduce the activity of @&lantari & Ardestani, 2014)) are not
recommended for improving scapula stability. Thesifian on all fours also
requires sufficient control of the lower part ofetlbody (the lumbar spine,
pelvis, hips and knees). These aspects were nbizadan this study relative to
the scapula activity (also lacking in the literaurThe exercise that involves
reaching upwards (scapula protraction and extewtation) while supine with
90 degree shoulder flexion is part of a clinical 8&ining program. However,
the excessive activity of mobility muscles (espici@M) does not indicate this
IS an optimal exercise.

The study cohort was sufficiently homogeneous (agmder, functional
status, and daily risk factors), which allowed tte#a to be properly analyzed
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and interpreted. The surface EMG was the chosesssisent method in this
study. EMG is adequately informative and provided éxpected results. The
EMG normalization process is one study limitatioecéuse determining the
maximal voluntary contraction activity is compliedtand there is no unified
protocol for scapular muscles. Therefore, the neupolwer tests were used as a
reference. Future research studies should useadagsts for each muscle. The
muscle activity results are another limitation tust study. Although the

exercises were practiced before the measurememés reeorded, the precision
of their execution was low. However, the resulis similar to actual situations
because these exercises are frequently utilizedramp sessions or training
programs at home where individual correction andayce is impossible.

Conclusions

e Open kinetic chain exercises are more suitable tthased kinetic chain
exercises for training scapular active stability.

e Horizontal shoulder abduction with external rotatiscapula retraction
and internal rotation) while in the prone positiwwas optimal and could be
recommended (as well as its modifications with sistance band) for
training programs to improve scapula active stgbiks well this exercise
is suitable for SA strength training based on ttssofl previous studies.
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